The National Optical Astronomy Observatory, in collaboration with Science Foundation Arizona and the Arizona public schools, has initiated a program of optics education that has been implemented in the Arizona cities of Flagstaff, Yuma, and Safford. A program is planned for Globe, Arizona and several other locations. The program is aimed at 5th grade teachers and students. It relies on NOAO-developed optics teaching kits designed around the Galileoscope student telescope kits. The program is designed to reach every 5th grade teacher and every 5th grade student in each city. Professional development is provided for the teachers using the NOAO-developed "Teaching with Telescopes" optics teaching kits which are given to each teacher. Each 5th grade student is part of a team building a Galileoscope and receives additional training on how to use the Galileoscope during the day or night. At the end of the training period a large star party is held for all of the students, their families, and their friends. The program is evaluated through the University of Arizona. This model has been successfully implemented during the past two years and we are exploring national replication. This program provides a cost-effective way to inject optics into the schools in an attractive, citywide program model. The talk will discuss the model in detail and some of the mistakes we have made as we have tested the model.
INTRODUCTION
The staff of the Education and Public Outreach Department of the National Optical Astronomy Observatory is continuously exploring new ways to reach diverse audiences through its educational programs. Some of the efforts have involved citizen science programs 1 , informal science education kits in optics 2 , and special year-long celebrations of science 3 . Other approaches have involved studies of educational resources 4 , creation of books for teachers 5 and pedagogical content knowledge 6 , alignment with national education resources 7 , and creation of teaching kits 8 . Other efforts have been involved in understanding cross cultural factors 9 , optics misconceptions 10 , the use of formative assessment probes in optics education 11 , the creation of a high-quality student telescope 12 , design of programs to teach illumination engineering 13 , and teaching. Most of these efforts are national and international in nature.
This paper describes how we build upon these efforts in order to improve science education in Arizona, a topic touched upon in a previous paper 14 . The Arizona Galileoscope program seeks to combine outreach to elementary schools and professional development of teachers with a community-oriented program.
PROGRAM RATIONALE: THE STATE OF SCIENCE EDUCATION IN ARIZONA
educational resource is Science Foundation Arizona that provides funds for technology incubation and technology education in Arizona. The Arizona Optics Industry Association is a professional association of companies that also has a strong interest and commitment to optics education.
These educational resources must be placed in the context of the state of Arizona education. A 2008 report 15 by the Arizona Department of Commerce Aerospace and Defense Committee gives this pessimistic assessment of Arizona educational quality:
"Arizona graduates only 75% of its high school students, compared with a national average of over 85%, and ranks 49th in the nation [in this category]. Arizona's economic future depends on the quality of our workforce -it's the number one priority for businesses considering expansion or location. A highly skilled workforce, supported by a well-developed community college and university system, allows companies to produce goods and services marked by innovation, knowledge and quality."
When this report was written in 2008, Arizona was also ranked among the lowest of all the states in per pupil expenditure. In the U.S. this number is highly correlated to the high school graduation rate. The Arizona Galileoscope program was designed as a response to these statistics on the quality of education in Arizona. For science education, the situation may even be worse. Elementary education under the No Child Left Behind Act demands a focus on reading and math and not science. In many schools, science education is being neglected and needs some stimulation. The Arizona state standards make 5 th grade an excellent grade level on which to concentrate effort in astronomy. This is also an ideal age to develop astronomy concepts.
Our model has five major components. First, we offer professional development on optics and astronomy to the teachers in selected Arizona cities. We try to target an entire city and have picked 5 th grade students as our target audience. These students then learn optics concepts through a variety of experiments and activities that can be done in class with these teachers. They then build Galileoscopes and learn the parts of a telescope and their function. We assist in final preparations for the star party, such as how to point and focus the telescopes, through the use of practice sessions held the week before the star party. Finally we organize and assist at the large star party itself. These five stages last approximately half of a school year and require intensive involvement from NOAO EPO staff.
THE GALILEOSCOPE
To excite interest in astronomy we use the Galileoscope telescope. The Galileoscope is a high-quality, low-cost telescope kit developed for the International Year of Astronomy 2009 16 . It was developed specifically for students by a team of leading science educators, astronomers, optical engineers, mechanical designers, and manufacturing experts 17 . The telescope is easy-to-assemble, has a 50-mm (2-inch) diameter objective lens, and can magnify from 25-to 50-power using an achromatic lens system. Both the objective and the Plossl eyepiece are achromatic. The telescope is very sturdy and is designed to be put together and taken apart many times. It needs to be used with a tripod. It enables students at any urban or rural location to see what Galileo Galilei first saw 400 years ago, only with much better image quality. The telescope provides excellent views of lunar craters and mountains, the four Galilean satellites circling Jupiter, the phases of Venus, Saturn's rings, and countless stars that are invisible to the unaided eye.
The Galileoscope was specifically designed for use in cities and has proven to be a versatile urban star party telescope. This program was designed to place Galileoscopes in the hands of students in different areas of Arizona. The program has gone to Flagstaff, Yuma, Safford, and Globe, Arizona. The first step responsive to typically a on first worksho professional Some of the development lenses and th program.
• Approximately 480, 550, and 375 people were in attendance at the peak of the Star Parties in Flagstaff, Yuma, and Safford, Arizona, respectively. It was common to walk by a child and parent(s) with a telescope and hear children announcing, "I saw the moon!" or "I saw Jupiter!" There were also widespread comments from parents and teachers about how much enjoyment the children and they experienced during the event. Parents and teachers were also heard expressing pride in their children when they were able to successfully use the telescope or tell them what they had learned about astronomy and optical science. Throughout each of the events, even after two hours of observing, there was a high-level of excitement and enjoyment expressed by children and families. As one teacher stated, "The Star Party really brought the community together to enjoy something very spectacular....the gorgeous moon, planet Saturn, the stars, and the calmness of a peaceful evening being shared with awesome astronomers." Teachers also reported that their students were learning a great deal about science through this program, enough to teach them and their parents (e.g., "It was a great learning experience for me as a teacher and for the kids to get the chance to "show me" what they found and where they found it; they got to teach me!").
This program required significant labor on the scheduled dates, and the necessity for effective long-term planning and effective communication among stakeholders to recruit teachers, schedule school visits and arrange for the star party location, and communicate with parents about the star party, particularly as initial star party dates at Yuma and Safford had to be rescheduled due to inclement weather. However, the educational rewards, particularly for teacher professional development and enhancement of the science curriculum for underserved schools, was substantial. As one Flagstaff teacher stated, "We're a Title 1 school, out of 29 kids, 24 are free lunch. These opportunities for them are great, and we didn't need to have any bake sales to pay for it." The success of this effective, all-inclusive professional developmentschool outreach-community outreach program can be attributed to the extensive planning and preparation between NOAO staff and community representatives, motivated and collaborative teacher, school, and community partners, and conducive communities and schools.
CONCLUSION
The Arizona Galileoscope Star Party program represents an effective model to introduce optics and astronomy in a costeffective and time-effective way into elementary schools. The evaluation results indicate the value of the program to many aspects of science teaching in the elementary grades. Future star parties are being planned for all of the previous locations, beginning in the fall of 2012.
